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Ozet 

Amac: Total diz protezi (TDP) etkin ve basarili bir yontem olup periprostetik 
eklem enfeksiyonu (PPi) gibi komplikasyonlar bu basarly! gélgeleyebilir. Not- 
rofil lenfosit orani (NLO) hemogramla kolayca elde edilebilen subklinik infla- 
masyonun basit bir belirtecidir. Bu calismanin amaci PPi tanisi icin NLO nin 
tahmin kabiliyeti incelendi. Gereg ve Yontem:2007-2014 yillari arasinda evre 
4 gonartroz tanisi ile total diz protezi yapilan hastalar degerlendirildi. PPi 
olan 30 hasta grup | olup bu gruptaki hastalarin eritrosit sedimantasyon hizi 
(ESH) , C-reaktif protein (CRP),n6étrofil lenfosit orani (NLO) ,L6kosit ve nétro- 
fil dahil hematolojik testler calismaya dahil edilerek retrospektif olarak de- 
8erlendirildi. Hastalarin preoperatif ve postoperatif 6. ay NLO karsilastirildi. 
Enfeksiyonu olmayan TDP ameliyati yapilmis 103 hasta kontrol grubu (grup 
Il) olarak alindi. Grup | ve grup II deki hastalar da NLO yéntinden karsilastiril- 
di. Bulgular: Grup | (PPi sonrasi iki asamali revizyon cerrahisi ile tedavi edilen- 
ler) otuz hasta (17 kadin, 13 erkek) iken Grup II (TDP ameliyati olup takip sti- 
resince hi¢bir enfeksiyon belirtisi olmayanlar) ise 103 hasta olup (94 kadin, 9 
erkek) idi. NLO ‘nin preoperatif ve postoperatif 6. aydaki karsilastirilmasinda 
3.2+0.7 den 2.2+0.5 diistiigii goriildti (p=<0,001).Grup II deki NLO ise 2.1+0.7 
olup grup | preoperatif degeri ile karsilastirilmasinda da anlamli fark izlendi 
(p=<0,001).Enfeksiyon icin NLO ‘ninda 2.45 degeri sinir olarak bulundu. Tar- 
tisma: NLO, ESH ve CRP gibi enfeksiyon parametreleri ile birlikte PPi tanisin- 


da yardimci olarak kullanilabilir. 
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Abstract 

Aim: Total knee arthroplasty (TKA) is an effective and successful procedure 
but the outcome may occasionally be compromised by complications such as 
periprosthetic joint infection (PJl). Blood neutrophil to lymphocyte ratio (NLR) 
is a simple marker of subclinical inflammation that can be easily obtained 
from the differential White Blood Cell count. This study aims to to analyze 
the predictive ability of NLR for the diagnosis of PJI. Material and Method: 
Patients who were diagnosed as grade 4 gonartrosis and operated for total 
knee arthroplasty between years 2007-2014 were evaluated. Thirty patients 
with PJI were included in the study as Group | and hematological tests in- 
cluding erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), white 
blood cell count (WBC) and neutrophil to lymphocyte ratio (NLR) of the pa- 
tients were evaluated retrospectively. Preoperative and postoperative 6th 
month NLR values of the patients were compared. Also 103 age matched 
patients operated for total knee arthroplasty with no sign of infection were 
included in the study as controls (Group II). Patients in Group | and Group II 
were also compared in terms of NLR. Results:Thirty patients (17 female, 13 
male) were present in Group | (patients with PJl and treated with two staged 
revision surgery) and 103 patients (94 female, 9 male) were present in Group 
Il (patients operated for total knee arthroplasty and had no sign of infection 
during the follow up period). NLR has been found to decrease from 3.2+0.7 
to 2.2+0.5 when compared between the preoperative and postoperative 6th 
month period (p=<0,001). NLR has been found to be 2.1+0.7 in Group II and 
3.2+0.7 in Group | at preoperative period. (p=<0,001).The value of 2.45 was 
found to be cut-off point for infection. Discussion:NLR can be used as marker 
for PJl together with the other markers as ESR and CRP to increase the ac- 
curacy of the diagnosis. 
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Introduction 

Total knee arthroplasty (TKA) is an effective and successful 
procedure but the outcome may occasionally be compromised 
by complications. Periprosthetic joint infection (PJl) is one such 
complication that occurs after 1% to 3% of TKA [1,2]. Despite 
all efforts for prevention, PJI is still an important problem of 
the orthopaedic community. One of the problems associated 
with PJI relates to timely diagnosis of this complication [3,4]. 
Early and accurate diagnosis is the first step of the effective 
treatment modality for the patients with PJI. Today, diagnosis 
remains dependent on clinical judgement and reliance on stan- 
dard clinical tests including serologic tests [erythrocyte sedi- 
mentation rate (ESR), C-reactive protein (CRP), white blood cell 
count (WBC)], analysis of aspirated joint fluid,and interpretation 
of intraoperative tissue and fluid test results. And the diagnosis 
is usually based on a combination of findings rather than a only 
one [5,6]. 

Blood neutrophile to lymphocyte ratio (NLR) is a simple marker 
of subclinical inflammation that can be easily obtained from the 
differential white blood cell count. There are relative changes in 
the circulating levels of WBCs in response to systemic inflam- 
mation and infection. The best known of these is a relative lym- 
phopenia accompanying neutrophilia [7]. In recent years, WBC 
count and subtype count have been recognized as markers of 
inflammation in some rheumatic and nonrheumatic diseases 
and it has shown to be a good indicator of inflammation [7-11]. 
NLR has recently emerged as a prognostic marker in patients 
with cancer, coronary artery diseases and ischemic cerebrovas- 
cular diseases and has been reported to be an indicator of the 
overall inflammatory status of the body [12-15] and it has re- 
cently been begun to be studied in the orthopedics field. After 
surgery for hip fracture it was found to be related with postop- 
erative mortality [16,17]. 

This marker has not yet been studied in patients with PJI. In the 
present study, we aimed to analyze the predictive ability of NLR 
for the diagnosis of PI. 


Material and Method 

A consecutive series of patients who were diagnosed as grade 
4 gonartrosis and operated for total knee arthroplasty at Cum- 
huriyet University Department of Orthopaedics and Traumatol- 
ogy between years 2007-2014 were evaluated. A total of 1087 
patients were found to be operated for total knee arthroplasty. 
Of these, thirty patients were found to be infected after the 
TKA surgery The knee was considered infected if either pre- 
operative or intraoperative cultures were positive. If cultures 
failed to isolate an organism, then PJI was diagnosed if both 
the leukocyte count was more than 1760 cells/uL and polymor- 
phonuclear cells were more than 73% [4] or there was either a 
draining sinus tract or abscess present. The criteria used for an 
ESR to be considered elevated was more than 30 mm/h and for 
the CRP was more than 10 mg/L..All the patients with PJI were 
treated with two-staged revision surgery. In the first surgery 
all the components were removed and antibiotic impregnated 
cement were placed subsequent to a wide debridement. After 
the regression of the infection clinically and serologically, the 
patients were operated for the 2nd stage surgery and removal 
of the cement and implantation of the revision arthroplasty 


components were performed. 

Thirty patients with PJI so that needed revision surgery were in- 
cluded in the study as Group | and hematological tests including 
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), 
white blood cell count (WBC) and neutrophil to lymphocyte ratio 
(NLR) of the patients were evaluated retrospectively. Preopera- 
tive and postoperative 6th month (the time that the patient had 
no sign of infection) NLR values of the patients were compared. 
Also 103 age matched patients operated for total knee arthro- 
plasty with no sign of infection were included in the study as 
controls (Group II). Patients in Group | and Group II were also 
compared in terms of NLR. 


Statistical analysis 

Statistical analysis was performed with the Statistical Pack- 
age for Social Sciences version 19.0 (IBM Corp. Released 2010; 
IBM SPSS Statistics for Windows, Version 19.0 Armonk, NY; IBM 
Corp.). The normality of the datas was determined by the Kol- 
mogorov-Smirnov test. According to the normality distribution, 
independent t-test or Mann-Whitney-U test was used in order 
to compare Group | and Group II; Paired Samples test or Wilcox- 
on Signed Rank Tests in order to compare the preoperative and 
postoperative values in Group |. Differences were considered to 
be significant at p<0.05 for all tests (two-tailed). 

Roc Curve Analysis was used to determine the cut-off point fort 
he diagnostic potancy of NLR . 


Results 

Thirty patients (17 female, 13 male) were present in Group | 
(patients with PJI and treated with two staged revision surgery) 
and 103 patients (94 female, 9 male) were present in Group 
Il (patients operated for total knee arthroplasty and had no 
sign of infection during the follow up period). Mean age was 
64.3+9.3 years (48 to 82 y) in group | and 66.2+7.4 years (45 to 
85 y) in group II. There was no statistically significant difference 
between the groups in terms of age. 

Table 1 summarizes the mean values of the hematological 
markers in Group | before the first operation (infected period) 
and after approximately 6th month (30.5+4.01 weeks) of the 
second surgery in the period that infection regressed. NLR has 
been found to decrease from 3.2+0.7 to 2.2+0.5 when com- 
pared between the preoperative and postoperative 6th month 
period and this decrease in NLR was a statistically significant 
as well as ESR and CRP (p=<0,001) (Figure 1). 

Table 2 summarizes the mean values of the hematological 
markers in Group II (patients without infection) and Group | be- 
fore the first operation (infected period). NLR has been found 
to be 2.1+0.7 in Group II and 3.2+0.7 in Group |. There was a 
statistically significant difference between groups in terms of 
NLR (p=<0,001) (Figure 2). 

Roc Curve Analysis to determine a cut-off point for infection 
was used and the value of 2.45 was found to be cut-off point for 
infection with 90% sensitivity and 72% specificity (Figure 3). 


Discussion 

Periprosthetic joint infection has ascended to the highest rank 
as the cause of failure following joint arthroplasty [5,18]. One 
of the problems associated with PJI relates to timely diagnosis 
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Table 1. Preoperative hemogram values of the infected knee arthroplasty with 
a comparison of hemogram values after the revision total knee replacement. 


Table 2. The patient infected total knee prosthesis comparison of with non- 
infected total knee prosthesis blood values 


Infected total knee arthroplasty 


Preoperative Postoperative p 
meantsd min-max mean+sd = min-max 
median median 
ESR(mm/h) 48.4+29.6 18-136 21.9+11.1 5-59 <0,00 
42 20 
CRP(mg/I) 27.5416.4 9.8-90 3.742.9 0.4-13.0  <0,00 
21.0 3.0 
WBC 8.01.8 4.1-11.9 6641.4 2.3-8.8 <0,00 
ila 77 67 
HGB(mg/dl) 12.441.8  9.5-17.8 10.3+1.2 81-13.0 <0,00 
12.5 10.2 
Lymphocytes 1.9+0.5 1.0-2.9 1.5+0.7 0.4-3.5 0.003 
telosat 1.9 14 
Neutrophil 6.0+1.2 4.1-8.7 3.141.1 1.0-5.2 <0,001 
bees/al 6.0 33 
NLR 3.2+0.7 2.2-5.3 2.2+0.5 1.2-3.7 <0,001 
3:1 2:2 


sd: standart deviation, min: minimum, max: maximum 
p: Wilcoxon Signed Ranks Test, Paired Samples Test 


Infected TKA 
preoperative 


Revison TRA 
postoperative 


Figure 1. Infected total knee arthroplasty in patients with neutrophil lymphocyte 
ratio with neutrophil lymphocyte ratio patients who underwent revision total knee 
replacement.Also the comparison of the two groups. 


of this complication [3,4]. Despite availability of various diag- 
nostic modalities, confirmation of PJI can be difficult in some 
patients [19-22]. Further, there is no consensus as to what con- 
stitutes a PJI, making its diagnosis very challenging [23]. Al- 
though literature abounds with reports on the accuracy of vari- 
ous tests for diagnosis of PJI [1,4,20-22], the small sample size 
and the conflicting findings of studies hinder the interpretation 
of the available data. 

As screening tools ESR and CRP are excellent and they should 
be obtained in every patient with a painful TKA. Elevated ESR 
and/or CRP were highly predictive of PJl and should prompt fur- 
ther evaluation such as joint aspiration [24]. 

According to recent publications the neutrophils included in the 
N/L ratio reflect the inflammatory response as they mediate 
inflammation by various biochemical mechanisms, such as re- 
lease of arachidonic acid metabolites and platelet-aggravating 
factors. Relative lymphopenia on the other hand reflect the cor- 


Non-Infected TKA Infected TKA p 
(n= 103 ) (n=30) 
meantsd Median meantsd Median 

(min-max) (min-max) 
WBC 7,341.7 7.3 8.0+1.8 7.7 0.063 
CtOS sul 3.4-11.6) (4.1-11.9) 
HGB 12.34+1.5 122 12.441.8 125 0.774* 
(mg/dl) 8.2-15.7) (9.5-17.8) 
Lymphocytes 2.1406 2.1 1.9+0.5 19 0.192* 
per OSH) 0.8-4.3) (1.0-2.9) 
Neutrophil 4.3+1.1 43 6.0+1.2 6.0 <0.001 
(«1 03/ul) 1.7-8.6) (4.1-8.7) 
N/L 2.1+0.7 1.9 3.2+0.7 3.1 <0.001 

1.1-4.6) (2.2-5.3) 


sd: standart deviation, min: minimum, max: maximum 
p: Mann Whitney U Test, *:IndependentSamples Test 


% NLR 
35 5 oes )<0.001 oe 
34 
25 4 
24 
Ls 
14 
0,5 5 
0+ T 


Non-infected TKA Infected TKA 


Figure 2. Total knee arthroplasty is infected and non-infected patients neutrophil 
lymphocyte ratio. Also the comparison of the two groups. 


ROC Curve 
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Figure 3. The evaluation of each of the two groups cut-off value for Roc Curve 
Analysis, this ratio was 2.45. 


tisol-induced stress response [25]. In various studies the NLR 
correlates with markers of a proinflammatory state and an ele- 
vated NLR is associated with an increase in vascular end-points 
and with a worse outcome after oncologic surgery [26-28]. Also 
it has been associated with a high mortality in critical limb isch- 
emia patients and has been found to be a prognostic marker 
in patients with cancer and coronary artery disease [25,29,31]. 
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In the study NLR was investigated if it could be a marker as ESR 
or CRP and found to be a predictive marker for PJI and the pa- 
tients with NLR value higher than 2.45 had more risk for PJI. We 
believe that NLR can be a marker for PJl as ESR, CRP. Also NLR 
can be used in the follow-up period of the infection to observe 
the effectiveness of the treatment as ESR and CRP. 

The main drawback of our study is the retrospective study de- 
sign and that we used a single blood sample to calculate NLR. 
Prospective design and blood samples in different periods of 
the infection and the correlation of NLR with the other serologi- 
cal markers like ESR, CRP could be more useful for the follow-up 
of the infection. 

In conclusion NLR can be used as marker for PJI together with 
the other markers as ESR and CRP to increase the accuracy of 
the diagnosis. 
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